SN hrain _
’ sciences @"y

Article

Superior Effects of Modified Chen-Style Tai Chi
versus 24-Style Tai Chi on Cognitive Function, Fitness,
and Balance Performance in Adults over 55

Liye Zou "**(, Paul D. Loprinzi (7, Jane Jie Yu 3%, Lin Yang 45, Chunxiao Li ¢©,

Albert S. Yeung 7, Zhaowei Kong 3(%, Shin-Yi Chiou ? and Tao Xiao 10*

1 Lifestyle (Mind-Body Movement) Research Center, College of Sports Science, Shenzhen University,

Shenzhen 518060, China

Department of Health, Exercise Science and Recreation Management, The University of Mississippi,
University, MS 38677, USA; pdloprin@olemiss.edu

Department of Sports Science and Physical Education, The Chinese University of Hong Kong, Shatin,
Hong Kong, China; jieyu0203@gmail.com

Cancer Epidemiology and Prevention Research, Alberta Health Services, Calgary, AB T2S 3C3, Canada;
lin.yang@ahs.ca

Departments of Oncology and Community Health Sciences, Cumming School of Medicine,

University of Calgary, Calgary, AB T2N 476, Canada

Physical Education and Sport Science Academic Group, National Institute of Education,

Nanyang Technological University, 1 Nanyang Walk, Singapore 637616, Singapore; cxlilee@gmail.com
Depression Clinical and Research Program at the Massachusetts General Hospital, Harvard Medical School,
Boston, MA 02115, USA; ayeung@mgh.harvard.edu

Faculty of Education, University of Macau, Macao, China; zwkong@um.edu.mo

School of Sport, Exercise and Rehabilitation Sciences, University of Birmingham, Birmingham B15 2TT, UK;
s.chioul2@imperial.ac.uk

10 College of Mathematics and Statistics, Shenzhen University, Shenzhen 518060, China

Correspondence: liyezoul23@gmail.com (L.Z.); taoxiao@szu.edu.cn (T.X.)

t These authors contributed equally to this work.

check for
Received: 11 April 2019; Accepted: 3 May 2019; Published: 4 May 2019 updates

Abstract: Background: Cognitive decline and balance impairment are prevalent in the aging
population. Previous studies investigated the beneficial effects of 24-style Tai Chi (TC-24) on either
cognitive function or balance performance of older adults. It still remains largely unknown whether
modified Chen-style TC (MTC) that includes 18 complex movements is more beneficial for these
age-related health outcomes, as compared to TC-24. Objective: We investigated if MTC would show
greater effects than TC-24 on global cognitive function and balance-related outcomes among older
adults. Methods: We conducted a randomized trial where 80 eligible adults aged over 55 were
allocated into two different styles of Tai Chi (TC) arms (sixty-minute session X three times per week,
12 weeks). Outcome assessments were performed at three time periods (baseline, Week 6, and Week
12) and included the Chinese Version of the Montreal Cognitive Assessment (MoCA) for overall
cognitive function, One-leg Standing Test (LST) for static balance, Timed Up and Go Test (TUGT) for
dynamic balance, chair Stand Test (CST) for leg power, and the six-meter Walk Test (6MWT) for aerobic
exercise capacity. Results: Compared to TC-24 arm, MTC arm demonstrated significantly greater
improvements in MoCA, LST, TUGT, CST, and 6MWT (all p < 0.05). Conclusions: Both forms of TC
were effective in enhancing global cognitive function, balance, and fitness. Furthermore, MTC was
more effective than TC-24 in enhancing these health-related parameters in an aging population.
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1. Introduction

The aging population is rising in China and the number of people aged > 55 years account for
more than 21% of the total population [1]. With increasing longevity;, it is estimated that almost half
of the aging population will suffer at least one physical or mental illness due to normal aging [2].
An age-related illness that is highly prevalent in the aging population is cognitive deterioration [3].
Brain tissue atrophy is associated with reduced cognitive function [4,5]. This progressive cognitive
decline and impairment could lead to increased risk of developing dementia, especially Alzheimer’s
disease, which will produce significant economic and societal burden [6]. To slow down and prevent
the progression of age-related cognitive decline, early intervention programs should, for example,
include activities that minimize cardiovascular risk factors, employ cognitively stimulating activities,
and employ exercise activities in a social environment [7-9].

Tai Chi (TC) is a typical form of traditional Chinese health-promoting exercise [10-12], with more
than 3000 years of history [13-15]. Despite its complicated movement sequences, TC involves mild
to moderate exercise intensity and is suitable for aging people with low exercise tolerance [16-18].
TC involves both social interaction and cognitive stimulation, embodied within the instruction and
movement characteristics, respectively [19,20]. Teaching TC involves a bi-directional communication
process in which both students and instructor are typically involved with cognitive and emotional
investment for maximizing the learning outcome [21-23]. In addition, social-psychological interactions
are emphasized to enhance cognitive stimulation and movement skill proficiency [23]. Notably,
however, very few TC studies have investigated the psycho-social effects of TC [24]. To fill this gap,
Mortimer and colleagues conducted a well-designed controlled trial in which 120 healthy Chinese older
adults were randomized into one of four groups (TC, walking, social interaction, and no-intervention)
for a forty-week intervention period [25]. Both the TC and social interaction groups demonstrated
significant improvements in brain volume and cognitive behavioral outcomes, whereas these positive
results were not observed in the walking and control groups [25]. These authors suggested that social
interaction through TC instruction may play an essential role in facilitating cognitive performance [25].

Previous studies have investigated the effects of TC and brisk walking on metabolic expenditure
and cardiovascular (CV) health [26,27]. Although TC induces 46% less metabolic cost than brisk walking
for one bout of 10 minutes, they produced similar benefits on reducing cardiovascular risk factors over
12 weeks of exercise (e.g., blood cholesterol, body composition, VO2 max) [26,27]. Apart from these CV
health benefits, adequate cognitive function is necessary to stabilize the center of gravity during TC
performance (e.g., dynamic weight shifting and single limb support) [28]. In order to facilitate adequate
psychological attention, mindfulness and diaphragmatic breathing during TC training should be
coordinated [29,30]. Further, refined attentional skills are associated with emotion-regulation processes
involving the executive control network [31-33]. These potential therapeutic elements inherent in TC
may provide additional cognitive stimulation. Taken together, it is reasonable to suppose that the
critical elements inherent in TC seems to exert beneficial effects on cognitive function and/or protect
against age-related cognitive decline.

Cognitive decline is highly prevalent in older adults [34-36], and aging is generally accompanied
by fall-related incidents (injuries and mortality) as well [37,38]. Unfortunately, cognitive decline and
degenerating balance among the aging population were generally accepted as separate problems in the
earlier literature [39], and thus, were treated independently. Furthermore, previous TC studies focused
on either the protective effects of TC on cognitive function or balance function. However, a growing
number of studies support postural control and cognition as highly interdependent issues [40,41].
Balance and gait pattern are no longer considered automated motor action, but rather are activities
that require higher-order cognition [42]. Thus, we included both cognition and balance outcome
measures in the same study. Notably, the majority of previous studies on this topic used 24-style TC
(TC-24) as the exercise intervention program. It largely remains unknown if other styles of TC form are
more beneficial for cognitive function and balance as compared to TC-24. For example, Chen-style
TC involves more complex choreography with skipping moves, which may provide more cognitive
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and balance challenges, potentially having a greater effect on cognitive function and balance. Thus,
to address this gap in the literature, a randomized controlled trial was conducted to investigate the
effects of TC-24 versus modified Chen-style TC (MTC) on cognitive function and balance performance
among older adults.

2. Methods

This study was a twelve-week randomized trial with two different styles of TC practice, including
TC-24 and MTC as experimental conditions. All outcome variables were assessed at baseline, mid-term
of intervention (6 weeks), and immediately after the intervention (12 weeks) (see Figure 1). The study
was approved by the ethics committee of the university and all participants provided consent prior
to participation.

Enrolled eligible participants
(N=80"

v

Baseline test and randomization

l

v v

TC-24 Chen-style TC
(7=40) (=40}

. !

6-week intervention (phase one)

60 minutes per session. three times per week

l I

Chen-style TC
TC-24 (3=40) (n=38) drop-out,
=2

! !

Mid-term assessment (after 6-week intervention)

6-week intervention (phase two)

90 minutes per session, five times per week

Posttest (after 12-week intervention)

Figure 1. Flowchart of the study. TC = Tai Chi; TC-24 = 24-style Tai Chi.
2.1. Study Participants

Eighty Chinese adults (age range: 55-79 years old) were recruited and met the following criteria:
(1) were male or female aged at 55 years or above; (2) were healthy and able to participate in exercise;
(3) had normal cognitive function, as indicated by the Mini Mental State Examination score of > 26; and
(4) had no regular practice of TC or other exercise previously. Participants who had serious diseases
(e.g., cardiovascular disease, dementia, clinical depression, and/or sequela of apoplexy) or a history of
drug or alcohol abuse were excluded. Based on a Random Integer Generator, the participants were
allocated randomly into two experimental conditions (either TC-24 or MTC group) matched by gender,
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with 40 participants (20 males, 20 females) in each arm. No allocation concealment occurred in the
present study. Participants were asked to maintain their usual routine (e.g., diet, activities of daily
living) throughout the study. Given that two participants in the MTC arm dropped out from the
intervention, data analyses were processed using data from the remaining 78 participants.

2.2. Intervention

The duration of intervention was a total of 12 weeks. Participants in the two experimental arms
(TC-24 vs. MTC) were instructed to practice one specific style of TC (24-style vs. MTC). Simplified TC
consists of 24 postures and takes about six minutes to perform. Eighteen Postures [43] were selected
from Chen-style 56-form TC and choreographed by an experienced TC instructor. Detailed information
about the selected postures of MTC are reported in our previous study [44]. The intervention consisted
of two phases, with frequency and duration of practice being increased progressively. In the first
phase (from week 1 to week 6), each session of practice lasted 60 minutes, including 10 minutes of
warm-up, 40 minutes of TC practice (including learning of new content), and 10 minutes of cool-down,
three times per week for six weeks. In the second phase (from week 7 to week 12), each session
of practice lasted for 90 minutes, including 10 minutes of warm-up, 70 minutes of TC practice,
and 10 minutes of cool-down, five sessions (rest on Wednesday and Saturday) per week for six weeks.
The intervention in the two arms was led by the same TC instructor who had more than 15 years of TC
teaching experience. The instructor explained and demonstrated the movements required in different
experimental conditions and the participants followed and practiced independently afterwards.

2.3. Outcome Measures

2.3.1. Demographic Information

Demographic information included date of birth, sex, and educational level, which were reported
by the participants. Body height and weight (Healthometer 402KL Beam Scale weight/Height Rod)
were objectively assessed at baseline by trained research assistants.

2.3.2. Cognitive Function

General cognitive ability was assessed using the Chinese version of the Montreal Cognitive
Assessment (MoCA) [45], which is a 30-item test to evaluate various components of cognition (i.e.,
executive function, language, orientation, memory, and abstraction) and has been widely used to
assess cognitive impairments in adults [46]. It has good criterion-related validity (Pearson Correlation
Coefficient between MoCA and Mini-mental state examination, » = 0.787) and reliable internal
consistency (Cronbach alpha = 0.807). The total score of MoCA ranges from 0 to 30, with a higher score
representing better cognitive ability.

2.3.3. Balance

One-leg standing test was used to assess static balance. The participants were asked to close
their eyes, stand on their preferred leg, lift the knee of the other leg to approximately 90°, keep their
arms by their sides, and maintain balance without using any assistive device. The test was over when
the stance foot shifted or when the lifted foot was replaced on the ground, whichever occurred first.
Each participant had three attempts for each leg. The duration of standing (in seconds) was recorded
in each attempt and the best (longest) score was chosen for analysis [47].

Timed up and go test (TUGT) was used to assess dynamic balance. It measures the time,
in seconds (s), taken by a participant to stand up from a standard arm chair, walk three meters,
turn around, walk back to the chair, and sit down without physical assistance. The participants were
instructed to be seated on the chair (approximate seat height of 45 cm) with their arms resting on the
chair’s arms, and to stand up on the “go” command. The stopwatch was started on the “go” command
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and stopped as the participant sat down [48]. Each participant had three attempts, with the best
attempt being recorded for data analyses.

2.3.4. Functional Fitness of Lower Limbs

Chair Stand Test (CST) was used to measure the strength and endurance of the lower limbs.
The participants were seated on a standard armless chair (approximate seat height of 45 cm;
placed against a wall) with their back in an upright position and their feet flat on the floor. With their
arms folded across the chest, they were asked to stand completely up and then completely back down
as fast as possible after the “1, 2, 3, go” command. The outcome measure was the time (in seconds) they
spent in performing five complete chair stands continuously. All subjects had three attempts with a
short break (approximate 3 minutes) in between. The best (fastest) score was selected for analysis [49].
All participants performed this test using the same chair and with similar ambient conditions.

2.3.5. Aerobic Exercise Capacity

Aerobic exercise capacity was evaluated by the six-meter walk test (6MWT). A smooth and flat
twelve-meter walkway was marked out on the floor with tape markers being placed at the 0, 3, 9,
and 12 m points along the walkway. Standing at the zero-meter point, subjects were asked to walk
to the end of the walkway (marked at 12 m point) at their own comfortable speed without stopping.
A tester timed the participants” walking (in seconds) over the 6 meters (from 3 to 9 m point) using a
stopwatch [50]. The first and last three meters of the walk were not timed in consideration of changes
in velocity that occur when people start and stop walking. All participants had two attempts with the
best (fastest) score being used in data analyses.

2.4. Statistical Analysis

The data were analyzed using Stata [51]. For each outcome variable, a population average
model using generalized estimating equations, or GEE [52], was built to assess the intervention
effects of the two Tai-Chi styles over time, while adjusting for confounders. Correlations among the
three repeated measures of each outcome variable taken within each participant were assumed to be
exchangeable, and parameter estimates and their robust standard errors were obtained with the Stata
xtgee command for the GEE approach, for which the distribution assumption of the dependent variable
is not required [53]. Main and interaction effects terms for both the repeated measure time factor and
the Tai-Chi style group factor were first included in the GEE model for each outcome, and then we
assessed the significance of the time-arm interaction for each outcome. If the time-arm interaction
effects for an outcome were significant, we reported estimated coefficients and their p-values for both
the main effects and the interaction effects for this outcome; otherwise if the time-arm interaction
effects of a model for an outcome were not significant, a reduced model with only the main effects
terms was re-fit for this outcome (i.e., removing the time-arm interaction from the GEE model), and we
reported estimated coefficients and their p-values for the main effects from the reduced model for this
outcome. Two baseline variables (i.e., Body Mass Index [BMI] and Education Level) in our sample
were significantly different between the two Tai-Chi arms, and were thus included as main effect terms
in all GEE models (with or without time-group interactions) to control for their confounding effects.
Statistical significance was set at a nominal alpha of 0.05. The interaction plots of the outcome variables
are given in Figures 2—4. To exclude the confounding effects in these Figure illustrations, we generated
these Figures based on outcome values adjusted for the effects of the two confounders (i.e., BMI and
Education Level); the adjusted outcome values were obtained by subtracting the estimated effects of
these two confounders from the outcome values. The means and standard deviation ranges of these
adjusted outcomes at different points for the two Tai Chi groups are illustrated in these Figures, along
with different symbols to indicate significance of different types of effects (symbol “0” stands for time
effect; symbol “+” stands for group effect; symbol “X” stands for time X group interaction effect).
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3. Results

We only found significant differences between two TC arms on educational level and BMI
(p < 0.05). Thus, the two variables were included as main effect terms in all GEE models to adjust for
their confounding effects. Detailed demographic information is presented in Table 1.

Table 1. Summaries of baseline variables in both experimental arms (1 = 78).

TC-24 Group MTC Group

Gender

Male (n) 18 19
Female (n) 22 19
Educational level *

Middle school or below (n) 1 19
Associate degree (1) 21 13
College or above (1) 18 6

Age (years) 59.55 + 8.91 58.26 +7.05
BMI * (kg/m?) 24.04 + 2.66 25.21 +2.00
Heart rate (beats/minute) 73.55 + 8.30 75.53 + 5.56

Notes: * Variables that turned out to have significant differences of means between the two Tai-Chi arms in our
sample and were thus included as main effect terms in all generalized estimating equations (GEE) models to adjust
for their confounding effects.

3.1. Cognitive Function

There was no significant time x arm interaction effect, and hence only the main effects of time and
arm were included in the model. Overall, participants in two Tai-Chi style arms exhibited increases
in MoCA both at 6 weeks (1.872, 95% CI 1.641 to 2.101, p < 0.0005) and at 12 weeks (3.449, 95% CI
3.152 to 3.745, p < 0.0005) from baseline. Compared to the TC-24 arm, mean MoCA scores were
constantly higher (0.487, 95% CI 0.044 to 0.930, p = 0.031) in the MTC arm throughout the study period
(Tables 2 and 3 visually illustrated in Figure 2). Detailed information about study results are presented
in Tables 2 and 3.
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Figure 2. Interaction plots for indices of cognitive function.
3.2. Balance Performance

Three indices for balance (left/right leg balance and TUGT) displayed increases through the study
period, except for right leg balance at the six-week assessment (Table 2). Significant time X arm
interaction effects were detected at both 6 weeks and 12 weeks, such that the increase in left leg balance
in the MTC arm was 0.446 (95% CI 0.012 to 0.879, p = 0.044) higher from baseline to 6 weeks and 1.485
(95% CI10.938 to 2.033, p < 0.0005) higher from baseline to 12 weeks compared to that in the TC-24 arm.
Similar time X arm interaction was observed in right leg balance, but only at 12 weeks. Compared to
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TC-24 arm, the increase in right leg balance was 1.385 (95% CI 0.723 to 2.046, p < 0.0005) higher from
baseline to 12 weeks in the MTC arm. The time X arm interaction for TUGT was significant at both
6 weeks and 12 weeks. Compared to TC-24 arm, the decrease in TUGT was 0.213 (95% CI —0.382 to
—0.044, p = 0.013) lower from baseline to 6 weeks and 0.576 (95% CI 0.091 to 1.062, p = 0.02) lower from
baseline to 12 weeks in the MTC arm (Tables 2 and 3). The overall change in balance performance and
time X arm interaction are illustrated by interaction plots for each index of balance in Figure 3.
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Figure 3. Interaction plots for indices ((a) left leg balance, (b) right leg balance, and (c) TUGT) of balance.

Functional fitness of lower limbs (CST) improved in both Tai Chi arms: compared with baseline,
participants were 0.401 (95% CI —0.508 to —0.294, p < 0.0005) seconds faster at 6 weeks, and 0.922 (95%
CI -1.315 to —0.528, p < 0.0005) seconds faster in completing CST. In addition, compared to the TC-24
arm, participants in the MCT arm were 0.221 (95% CI —0.397 to —0.045, p = 0.014) seconds faster in
completing the CST at 6 weeks, as indicated by a significant time X arm effect observed at 6 weeks
(p =0.014).
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3.3. Aerobic Exercise Capacity

The 6MWT-measured aerobics exercise capacity improved in the overall study population at
6 weeks, but was not maintained at 12 weeks. Significant time X arm interaction effects were detected
at both 6 weeks (p = 0.018) and 12 weeks (p = 0.003). The MTC arm appeared to have a greater
improvement in the aerobics exercise capacity, namely 0.256 minutes (95% CI —0.46 to —0.043, p = 0.018)
faster in completing the 6MWT comparing to the TC-24 group; this greater improvement was also
observed at 12 weeks, with the MTC arm being 0.498 second (95% CI —0.828 to —0.168, p = 0.003) faster
in completing the 6SMWT compared to the TC-24 group (Table 2, visually illustrated in Figure 4).
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Figure 4. Interaction plots for indices ((a) CST and (b) 6MWT)) of physical fitness.
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Table 2. Parameter estimation and significance of coefficients in the GEE models.
Time Effect Group Effect Interaction Effect
. Time 2 Time 3 MTC Time2 x MTC Time3 x MTC
Variable
Coef. Coef. Coef. Coef. Coef.
(Cohen’s d) P (Cohen’s d) P (Cohen’s d) P (Cohen’s d) P (Cohen’s d) P
1.87 3.449 0.487
MoCA (1.091) <0.0005 (1.951) <0.0005 (0.769) 0.031
0.754 1.189 0.633 0.446 1.485
Left leg balance (eyes closed) 0.3) <0.0005 (0.558) <0.0005 (0.742) 0.396 (0.457) 0.044 (1.203) <0.0005
Right leg balance (eyes 6.199 1.181 0.057 -5.065 1.385
closed) (0.216) 0.242 (0.483) <0.0005 (0.176) 0-945 (0.212) 0.34 (0.918) <0.0005
—-0.370 —0.874 —0.366 -0.213 —-0.576
TUGT (0.181) <0.0005 (0.471) <0.0005 (0.48) 0.578 (0.558) 0.013 (0.523) 0.02
-0.401 -0.922 -0.022 -0.221 -0.116
CST (0.248) <0.0005 (0.531) <0.0005 (0.228) 0.971 (0.555) 0.014 (0.104) 0.642
—-0.266 0.062 -0.051 -0.256 —0.498
6-MWT (0.395) 0.002 (0.188) 0.681 (0.483) 0.842 (0.529) 0.018 (0.661) 0.003

Table 3. Mean and standard deviation (M + SD) of the raw data values and the data values adjusted for confounder effects (the latter are given in parentheses), for
cognitive function, balance, and physical fitness indices at baseline, Week 6, and Week 12 in the TC-24 group and MTC group.

TC-24 Group MTC Group
Variable
Baseline Week 6 Week 12 Baseline Week 6 Week 12

The Montreal Cognitive Assessment 26.62 + 1.39 28.38 + 1.27 29.90 + 0.38 26.18 +1.39 28.18 +1.43 29.82 +0.51
(24.98 + 1.65) (26.73 + 1.45) (28.26 + 1.4) (26.38 + 1.64) (28.38 +1.42) (30.01 + 1.65)

Left leg balance (eyes closed) 3.86 + 2.55 4.61 +2.65 5.04 +£2.74 3.58 + 2.55 4.78 +£3.32 6.25 + 3.44
(7.24 +2.93) (799 £295)  (843+3.13)  (9.04+2.87)  (1024+357) (1171 +3.73)

Right leg balance (eyes closed) 3.29 +2.23 9.48 + 33.56 447 +2.05 3.95 +3.32 5.08 + 3.59 6.52 +3.33
(8.13 + 3.87) (1433 +333) (931+361)  (6.88+3.9) (8.02+4.14)  (9.45+3.97)

TUGT 10.10 + 2.59 9.73+25 922+1.9 10.11 £ 2.33 9.52 +2.29 8.66 + 1.66

(8.11 + 2.59) (774 £254)  (724+224)  (7.18 +2.57) (6.6 +2.6) (5.73 + 2.08)

CST 9.15+2.20 8.75 +2.12 8.23 +1.46 9.59 + 2.08 8.97 +1.95 8.55 +1.76

(3.35 + 2.17) (2.95+211) (243+131)  (3.02+2.01) (2.4 +1.91) (1.99 + 1.77)

6-MWT 510+ 1.17 483 +1.12 5.16 £ 0.93 5.13 +0.78 4.61 +0.70 4.70 + 0.63

(5.39 £ 1.15) (5.13+1.1) (5.45 + 0.95) (5.19 £ 0.86) (4.67 £ 0.74) (4.75 £ 0.69)

Notes: TC-24 = 24-style Tai Chi; MTC = Modified Chen-style Tai Chi; MoCA = the Montreal Cognitive Assessment; TUGT = Timed Up and Go Test; CST = Chair Stand Test; 6 MWT =

Six-Meter Walk Test.
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4. Discussion

Previous experimental work demonstrates that TC, when compared to a non-TC control group,
is effective in enhancing numerous physiological, psychological, and cognitive outcomes. What is
lacking in the literature is a side-to-side comparison between various forms of TC. To address this gap in
the literature, the present experiment, among older adults, juxtaposed two forms of TC (TC-24 vs. MTC)
on key health parameters that are predictive of premature mortality risk [54,55]. Our main findings
were twofold: (1) both forms of TC were effective in enhancing global cognitive function [56,57],
balance, and fitness, but (2) MTC was more effective than TC-24 in enhancing these health-related
parameters. Given that our previous work has already demonstrated and discussed the beneficial
effects of TC on enhancing various health outcomes [12-17], the discussion that follows will focus on
the unique effects of a modified form of TC (i.e., MTC).

In the present intervention study, we demonstrated that MTC was superior to TC-24 in enhancing
physiological (fitness), neuromuscular (balance), and cognitive outcomes. When compared to TC-24,
MTC involves more complex movement patterns [58]. This is important as previous work suggests that
more complex movement patterns may be more effective in enhancing neural plasticity [59] and key
brain-derived neurotrophins, which play an important role in cognitive function. This is also supported
by recent work showing that more complex and coordinated motor martial art exercises, which resemble
movement patterns associated with MTC, are effective in enhancing working memory capacity [60-62],
a cognitive parameter that was tapped with our cognitive assessments. Further, complex movement
patterns, when compared to less complex movements, are more effective in increasing regional blood
flow and cortical excitability [63,64], which may have important implications in subserving cognitive
function and balance performance. These are potential mechanisms that may help elucidate our
observed greater effects of MTC (vs. TC-24) on cognitive function and balance. Enhanced cognitive
function and balance, in turn, may also have been responsible for the observed improvements in fitness.
Our functional fitness parameters (stand-up-and-go, walking task) require adequate strength and
balance for optimal performance. Further, as we have demonstrated previously [65], cognitive function
is associated with the same aerobic capacity assessment (walking task) employed in our present study.
Of course, these interrelationships are complex, as there is likely a bi-directional relationship between
cognitive function and aerobic capacity [66]. Nonetheless, our intervention findings suggest that more
complex forms of TC, such as MTC, may be optimal in enhancing key health-related parameters (e.g.,
cognition, balance, aerobic capacity).

Limitations of this study include not having a non-active control group. However, we intentionally
did not employ a control group, as previous work has already thoroughly demonstrated that TC,
when compared to a non-active control group, is superior in enhancing various health outcomes,
such as those employed in our study. Future work on this topic, however, may benefit from inclusion
of a control group, as it will more definitively provide evidence of a causal relationship between
different forms of TC on health outcomes. Secondly, the subjects included were all Chinese. The results
need to be replicated in other countries before we can conclude that they can be generalized to other
populations. Furthermore, while the age of participants ranged from 55 to 79 years, to increase the
statistical power to answer our initial research questions, the impact of subgroups classified by age was
not further examined in this study. Thirdly, this study did not provide longer term follow-up beyond
12 weeks. Therefore, there is no information on whether the results are sustained over longer periods.
Strengths of this study include the study’s novelty, extended intervention period (i.e., up to 12 weeks),
and inclusion of multiple health outcomes. Assessors were not blinded to group allocation, so that could
be a source of bias. Future studies should pay attention to the following aspects: (1) using functional
near infrared spectroscopy to check mechanisms related to global cognition [67]; (2) the possibility to
measure Functional near-infrared spectroscopy signals during movement (balance tasks) [68].
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5. Conclusions

In conclusion, our intervention demonstrates that a more complex form of TC (i.e., MTC) is
superior in enhancing cognitive function, balance, and aerobic capacity among older Chinese adults.
It would be worthwhile for future work to investigate the long-term maintenance effects of our findings.
Further, such work should consider evaluating whether different populations, as well as those with
varying experiences of TC, moderate the effects of MTC on health outcomes.

Author Contributions: Conceptualization, L.Z., ].].Y., and T.X.; methodology, L.Z., PD.L., ].].Y., and T.X; formal
analysis, T.X.; writing—original draft preparation, L.Z., PD.L, ]J.Y;; LY., ASY, ZK.,, CL., S.Y.-C., and TX;
writing—review and editing, L.Z., PD.L, J.J.Y,; LY., CL.,, AS.Y, ZK, S.Y.-C., and T.X.

Funding: This research received no external funding.
Acknowledgments: Thanks for all participants to participate in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. The World Factbook. China Demographics Profile 2018. Available online: https://www.indexmundi.com/
china/demographics_profile.html (accessed on 10 April 2019).

2. Chang, Y.K.; Nien, Y.H.; Tsai, C.L.; Etnier, J.L. Physical activity and cognition in older adults: The potential of
Tai Chi Chuan. J. Aging Phys. Act. 2010, 18, 451-472. [CrossRef] [PubMed]

3. Ian,].D,; Janie, C.; Alan, J.; Gow, S.E.; Harris, L.M.; Houlihan, R.E.; Marioni, L.P,; Snorri, B.R.; John, M.S.
Age-associated cognitive decline. Brit. Medic. Bull. 2009, 1, 135-152. [CrossRef]

4.  Fissler, P; Kiister, O.; Schlee, W.; Kolassa, I. Novelty Intervention to enhance broad cognitive abilities and
prevent dementia: Synergistic approaches for the facilitation of positive plastic change. Prog. Brain Res. 2013,
207,403-434.

5. Erickson, K.L.; Kramer, A.F. Aerobic exercise effects on cognitive and neural plasticity in older adults. Br. J.
Sports Med. 2009, 43, 22-24. [CrossRef]

6. Wayne, PM.; Yeh, G.; Mehta, D.H. Minding the Mind-Body Literature: Aging and Cognitive Decline.
J. Altern. Complement. Med. 2018, 24, 196-199. [CrossRef]

7. Petersen, R.C.; Lopez, O.; Armstrong, M.]J.; Getchius, T.D.; Ganguli, M.; Gloss, D. Report of the Guideline
Development, Dissemination, and Implementation Subcommittee of the American Academy of Neurology.
Neurology 2018, 91, 373-374. [CrossRef] [PubMed]

8.  Zou, L.; Loprinzi, P.D.; Yeung, A.S.; Zeng, N.; Huang, T. The beneficial effects of mind-body exercises for
people with mild cognitive impairment: A systematic review with meta-analysis. Arch. Phys. Med. Rehabil.
2019. [CrossRef] [PubMed]

9. Zhang, Y; Li, C.; Zou, L,; Liu, X.; Song, W. The Effects of Mind-Body Exercise on Cognitive Performance in
Elderly: A Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2018, 15, 2791. [CrossRef]

10. Zou, L.; SasaKi, J.; Wang, H.; Xiao, Z.; Fang, Q.; Zhang, M. A Systematic Review and Meta—Analysis
Baduanjin Qigong for Health Benefits: Randomized Controlled Trials. Evid. Based Complement. Altern. Med.
2017, 1, 1-17. [CrossRef] [PubMed]

11. Zou, L; Wang, C.; Yeung, A.; Liu, Y; Pan, Z. A Review Study on the beneficial effects of Baduanjin. J. Altern.
Complement. Med. 2018, 24, 324-335. [CrossRef]

12.  Zhou, S.; Zhang, Y.,; Kong, Z.; Loprinzi, P.D.; Hu, Y,; Ye, J.; Liu, S.; Yu, ].].; Zou, L. The Effects of Tai Chi on
Markers of Atherosclerosis, Lower-limb Physical Function, and Cognitive Ability in Adults Aged Over 60:
A Randomized Controlled Trial. Int. |. Environ. Res. Public Health 2019, 16, 753. [CrossRef] [PubMed]

13.  Zou, L.; Wang, H.; Xiao, Z.; Fang, Q.; Zhang, M.; Li, T.; Du, G.; Liu, Y. Tai chi for health benefits in patients
with multiple sclerosis: A systematic review. PLoS ONE 2017, 12, €0170212. [CrossRef]

14. Kong, Z.; Sze, T-M.; Yu, ].].; Loprinzi, P.D.; Xiao, T.; Yeung, A.S.; Li, C.; Zhang, H.; Zou, L. Tai Chi as an
Alternative Exercise to Improve Physical Fitness for Children and Adolescents with Intellectual Disability.
Int. J. Environ. Res. Public Health 2019, 16, 1152. [CrossRef]

15. Zou, L.; Wang, C.; Tian, Z.; Wang, H.; Shu, Y. Effect of Yang-Style Tai Chi on Gait Parameters and
Musculoskeletal Flexibility in Healthy Chinese Older Women. Sports 2017, 5, 52. [CrossRef] [PubMed]


https://www.indexmundi.com/china/demographics_profile.html
https://www.indexmundi.com/china/demographics_profile.html
http://dx.doi.org/10.1123/japa.18.4.451
http://www.ncbi.nlm.nih.gov/pubmed/20956845
http://dx.doi.org/10.1093/bmb/ldp033
http://dx.doi.org/10.1136/bjsm.2008.052498
http://dx.doi.org/10.1089/acm.2018.29044.pjw
http://dx.doi.org/10.1212/WNL.0000000000006042
http://www.ncbi.nlm.nih.gov/pubmed/30126885
http://dx.doi.org/10.1016/j.apmr.2019.03.009
http://www.ncbi.nlm.nih.gov/pubmed/30986409
http://dx.doi.org/10.3390/ijerph15122791
http://dx.doi.org/10.1155/2017/4548706
http://www.ncbi.nlm.nih.gov/pubmed/28367223
http://dx.doi.org/10.1089/acm.2017.0241
http://dx.doi.org/10.3390/ijerph16050753
http://www.ncbi.nlm.nih.gov/pubmed/30832288
http://dx.doi.org/10.1371/journal.pone.0170212
http://dx.doi.org/10.3390/ijerph16071152
http://dx.doi.org/10.3390/sports5030052
http://www.ncbi.nlm.nih.gov/pubmed/29910412

Brain Sci. 2019, 9, 102 12 of 14

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zou, L.; Wang, H.; Yu, D. Effect of a long-term modified Tai Chi-based intervention in attenuating bone
mineral density in postmenopausal women in southeast China: Study protocol for arandomized controlled
trial. Clin. Trials Degener. Dis. 2017, 2, 46-52. [CrossRef]

Zou, L.; Wang, C.; Chen, K,; Shu, Y.; Chen, X.; Luo, L.; Zhao, X. The Effect of Taichi Practice on Attenuating
Bone Mineral Density Loss: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Int. J.
Environ. Res. Public Health 2017, 14, 1000. [CrossRef]

Zou, L.; Sasaki, J.; Zeng, N.; Wang, C.; Sun, L.A. Systematic Review with Meta-Analysis of Mindful Exercises
on Rehabilitative Outcomes among post-stroke patients. Arch. Phys. Med. Rehabil. 2018, 9, 2355-2364.
[CrossRef]

Zou, L.; Huang, T.; Tsang, T.; Pan, Z.; Wang, C. Hard Martial Arts for Cognitive Function across the Lifespan:
A Systematic Review. Arch. Budo 2018, 14, 41-58.

Zhang, Y.; Loprinzi, PD.; Yang, L.; Liu, J.; Liu, S.; Zou, L. The Beneficial Effects of Traditional Chinese
Exercises for Adults with Low Back Pain: A Meta-Analysis of Randomized Controlled Trials. Medicina 2019,
55,118. [CrossRef]

Zou, L.; Han, J.; Tsang, W.; Yeung, A. Effects of Tai Chi on lower limb proprioception in adults aged over 55:
A systematic review ad meta-analysis. Arch. Phys. Med. Rehabil. 2018, in press. [CrossRef]

Wayne, PM.; Walsh, J.N.; Wells, R.E.; Papp, K.V.; Donovan, N.J.; Yeh, G.Y.; Taylor-Piliae, R.E.; Taylor-Piliae, R.E.
The Impact of Tai Chi on Cognitive Performance in Older Adults: A Systematic Review and Meta-Analysis.
J. Am. Geriatr. Soc. 2014, 62, 25-39. [CrossRef]

Wayne, PM.; Gagnon, M.M.; Macklin, E.A.; Travison, T.G.; Manor, B.; Lachman, M.; Thomas, C.P; Lipsitz, L.A.
The Mind Body-Wellness in Supportive Housing (Mi-WiSH) Study: Design and Rationale of a Cluster
Randomized Controlled Trial of Tai Chi in Senior Housing. Contemp. Clin. Trials 2017, 60, 96-104. [CrossRef]
Wayne, PM.; Kaptchuk, T.J. Challenges inherent to Tai Chi research: Part I—Tai Chi as a complex
multicomponent intervention. J. Altern. Complement. Med. 2008, 14, 95-102. [CrossRef]

Mortimer, J.A.; Ding, D.; Borenstein, A.R.; DeCarli, C.; Guo, Q.H.; Wu, Y.G.; Zhao, Q.H.; Chu, S.G. Changes
in brain volume and cognition in a randomized trial of exercise and social interaction in a community-based
sample of non-demented Chinese elders. Alzheihmer Dis. 2012, 30, 757-766. [CrossRef] [PubMed]

Hui, S5.5.C.; Woo, J.; Kwok, T. Evaluation of energy expenditure and cardiovascular health effects from Tai
Chi and walking exercise. Hong Kong Med. ]. 2009, 15, 4-7.

Hui, S.5.-C.; Xie, Y.J.; Woo, J.; Kwok, T.C.-Y. Effects of Tai Chi and Walking Exercises on Weight Loss, Metabolic
Syndrome Parameters, and Bone Mineral Density: A Cluster Randomized Controlled Trial. Evid.-Based
Complement. Altern. Med. 2015, 2015, 1-10. [CrossRef]

Goto, S.; Sasaki, A.; Takahashi, I.; Mitsuhashi, Y.; Nakaji, S.; Matsubara, A. Relationship between cognitive
function and balance in a community-dwelling population in Japan. Acta Otolaryngol. 2018, 138, 471-474.
[CrossRef] [PubMed]

Zou, L,; Yeung, A.; Zeng, N.; Wang, C.; Sun, L.; Thomas, G.; Wang, H. Effects of Mind-Body Exercises for
Mood and Functional Capabilities in Post-Stroke Patients: An Analytical Review of Randomized Controlled
Trials. Int. J. Environ. Res. Public Health 2018, 15, 721. [CrossRef]

Wetherell, ].L.; Hershey, T.; Hickman, S.; Tate, S.R.; Dixon, D.; Bower, E.S.; Lenze, E.J. Mindfulness-Based
Stress Reduction for Older Adults With Stress Disorders and Neurocognitive Difficulties: A Randomized
Controlled Trial. J. Clin. Psychiatry 2017, 78, e734—e743. [CrossRef]

Zou, L,; Yeung, A.; Li, C.; Wei, G.-X.; Chen, KW.; Kinser, P.A.; Chan, ].5.M.; Ren, Z. Effects of Meditative
Movements on Major Depressive Disorder: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. J. Clin. Med. 2018, 7, 195. [CrossRef] [PubMed]

Zou, L.; Yeung, A.; Quan, X.; Hui, S.5.-C.; Hu, X.; Chan, ].5.M.; Wang, C.; Boyden, S.D.; Sun, L.; Wang, H.
Mindfulness-Based Baduanjin Exercise for Depression and Anxiety in People with Physical or Mental
Illnesses: A Systematic Review and Meta-Analysis. Int. ]. Environ. Res. Public Health 2018, 15, 321. [CrossRef]
[PubMed]

Zou, L.; Sasaki, ].E.; Wei, G.X,; Huang, T.; Yeung, A.S.; Neto, O.B.; Chen, K.W.; Hui, S.C. Effects of Mind—-Body
Exercises (Tai Chi/Yoga) on Heart Rate Variability Parameters and Perceived Stress: A Systematic Review
with Meta-Analysis of Randomized Controlled Trials. J. Clin. Med. 2018, 7, 404. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.jcma.2017.06.010
http://dx.doi.org/10.3390/ijerph14091000
http://dx.doi.org/10.1016/j.apmr.2018.04.010
http://dx.doi.org/10.3390/medicina55050118
http://dx.doi.org/10.1016/j.apmr.2018.07.425
http://dx.doi.org/10.1111/jgs.12611
http://dx.doi.org/10.1016/j.cct.2017.07.005
http://dx.doi.org/10.1089/acm.2007.7170A
http://dx.doi.org/10.3233/JAD-2012-120079
http://www.ncbi.nlm.nih.gov/pubmed/22451320
http://dx.doi.org/10.1155/2015/976123
http://dx.doi.org/10.1080/00016489.2017.1408142
http://www.ncbi.nlm.nih.gov/pubmed/29205084
http://dx.doi.org/10.3390/ijerph15040721
http://dx.doi.org/10.4088/JCP.16m10947
http://dx.doi.org/10.3390/jcm7080195
http://www.ncbi.nlm.nih.gov/pubmed/30071662
http://dx.doi.org/10.3390/ijerph15020321
http://www.ncbi.nlm.nih.gov/pubmed/29439556
http://dx.doi.org/10.3390/jcm7110404
http://www.ncbi.nlm.nih.gov/pubmed/30384420

Brain Sci. 2019, 9, 102 13 of 14

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Weuve, J.; Barnes, L.L.; De Leon, C.EM.; Rajan, K.B.; Beck, T.; Aggarwal, N.T.; Hebert, L.E.; Bennett, D.A.;
Wilson, R.S.; Evans, D.A. Cognitive aging in black and white Americans: Cognition, cognitive decline,
and incidence of Alzheimer disease dementia. Epidemiology 2018, 29, 151-159. [CrossRef] [PubMed]

Zou, L,; Yeung, A; Li, C; Chiou, S.-Y.; Zeng, N.; Tzeng, H.-M.; Wang, L.; Ren, Z.; Dean, T.; Thomas, G.A.
Effects of Mind-Body Movements on Balance Function in Stroke Survivors: A Meta-Analysis of Randomized
Controlled Trials. Int. ]. Environ. Res. Public Health 2018, 15, 1292. [CrossRef] [PubMed]

Hamacher, D.; Herold, E; Wiegel, P.; Hamacher, D.; Schega, L. Brain activity during walking: A systematic
review. Neurosci. Biobehav. Rev. 2015, 57, 310-327. [CrossRef] [PubMed]

Hartholt, K.A.; Olinder, S.; Vander-Cammen, T.J.; Panneman, M.].; Vander-Velde, N.; Van-Lieshout, E.M.;
Patka, P.; Van-Beeck, E.F. Costs of falls in an ageing population: A nationwide study from the Netherlands
(2007-2009). Injury 2012, 43, 1199-1203. [CrossRef]

Cali, C.M.; Kiel, D.P. An Epidemiologic Study of Fall-Related Fractures Among Institutionalized Older
People. . Am. Geriatr. Soc. 1995, 43, 1336-1340. [CrossRef]

Wayne, PM.; Yeh, G.; Mehta, D. Minding the Mind-Body Literature. J. Altern. Complement. Med. 2016, 22,
849-852. [CrossRef]

Demnitz, N.; Esser, P.; Dawes, H.; Valkanova, V.; Johansen-Berg, H.; Ebmeier, K.P,; Sexton, C. A systematic
review and meta-analysis of cross-sectional studies examining the relationship between mobility and
cognition in healthy older adults. Gait Posture 2016, 50, 164-174. [CrossRef]

Clouston, S.A.P,; Brewster, P.; Kuh, D.; Richards, M.; Cooper, R.; Hardy, R.; Rubin, M.S.; Hofer, S.M.
The Dynamic Relationship Between Physical Function and Cognition in Longitudinal Aging Cohorts.
Epidemiol. Rev. 2013, 35, 33-50. [CrossRef]

Renae, L.; Smith-Ray, S.L.; Hughes, T.R.; Prohaska, D.M.; Little, D.A.; Jurivich, D. Hedeker, Impact of
Cogpnitive Training on Balance and Gait in Older Adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 2015, 70, 357-366.
[CrossRef]

Zou, L.; Zhang, Y,; Liu, Y;; Tian, X,; Xiao, T,; Liu, X,; Yeung, A.S,; Liu, J.; Wang, X.; Yang, Q. The Effects of Tai
Chi Chuan Versus Core Stability Training on Lower-Limb Neuromuscular Function in Aging Individuals
with Non-Specific Chronic Lower Back Pain. Medicina 2019, 55, 60. [CrossRef]

Liu, J.; Yeung, A.; Xiao, T.; Tian, X.; Kong, Z.; Zou, L.; Wang, X. Chen-Style Tai Chi for Individuals (Aged
50 Years Old or Above) with Chronic Non-Specific Low Back Pain: A Randomized Controlled Trial. Int. J.
Environ. Res. Public Health 2019, 16, 517. [CrossRef]

Lu,J,; Li, D; Li, E; Zhou, A.; Wang, F.; Zuo, X,; Jia, X.-E,; Song, H.; Jia, ]. Montreal Cognitive Assessment
in Detecting Cognitive Impairment in Chinese Elderly Individuals: A Population-Based Study. J. Geriatr.
Psychiatry Neurol. 2011, 24, 184-190. [CrossRef]

Chen, K.L.; Xu, Y;; Chu, A.Q.; Ding, D.; Liang, X.N.; Nasreddine, Z.S.; Dong, Q.; Hong, Z.; Zhao, Q.H.;
Guo, Q.H. Validation of the Chinese Version of Montreal Cognitive Assessment Basic for Screening Mild
Cognitive Impairment. J. Am. Geriatr. Soc. 2016, 64, e285-€290. [CrossRef]

Michikawa, T.; Nishiwaki, Y.; Takebayashi, T.; Toyama, Y. One-leg standing test for elderly populations.
J. Orthop. Sci. 2009, 14, 675-685. [CrossRef]

Chan, P.P; Tou, ].I.S.; Tse, M.M.; Ng, S.S. Reliability and Validity of the Timed Up and Go Test With a Motor
Task in People With Chronic Stroke. Arch. Phys. Med. Rehabil. 2017, 98, 2213-2220. [CrossRef]

Hardy, R.; Cooper, R.; Shah, I; Harridge, S.; Guralnik, J.; Kuh, D. Is chair rise performance a useful measure
of leg power? Aging Clin. Exp. Res. 2010, 22, 4128. [CrossRef]

Kathrin, R.; Angie, L.; Anita, H.; Volkmar, L.; Joern, K.; Tanja, B.; Patrick, M.; Notger, G. Dance training
is superioer to repetitive physical exercise in inducing brain plasticity in the elderly. PLos ONE 2018,
13, e0196636.

Catherine-Alexandra, G.; Nicolas, B.; Floerence, S.; Thien, T.; Laurent, B.; Nathalie, A.; Louis, B. Gross motor
skills training leads to increase brain-derived neurothrophic factor levels in healthy older adults: A pilot
study. Front. Physiol. 2018, 10, e410.

Herold, F; Hamacher, D.; Schega, L.; Miiller, N.G. Thinking While Moving or Moving While
Thinking—Concepts of Motor-Cognitive Training for Cognitive Performance Enhancement. Front. Aging
Neurosci. 2018, 10, 288. [CrossRef]

Lyons, ].G.; Heeren, T.; Stuver, S.O.; Fredman, L. Assessing the agreement between 3-meter and 6-meter
walk tests in 136 community-dwelling older adults. J. Aging Health 2015, 27, 594-605. [CrossRef]


http://dx.doi.org/10.1097/EDE.0000000000000747
http://www.ncbi.nlm.nih.gov/pubmed/28863046
http://dx.doi.org/10.3390/ijerph15061292
http://www.ncbi.nlm.nih.gov/pubmed/29925770
http://dx.doi.org/10.1016/j.neubiorev.2015.08.002
http://www.ncbi.nlm.nih.gov/pubmed/26306029
http://dx.doi.org/10.1016/j.injury.2012.03.033
http://dx.doi.org/10.1111/j.1532-5415.1995.tb06610.x
http://dx.doi.org/10.1089/acm.2016.29013.lit
http://dx.doi.org/10.1016/j.gaitpost.2016.08.028
http://dx.doi.org/10.1093/epirev/mxs004
http://dx.doi.org/10.1093/geronb/gbt097
http://dx.doi.org/10.3390/medicina55030060
http://dx.doi.org/10.3390/ijerph16030517
http://dx.doi.org/10.1177/0891988711422528
http://dx.doi.org/10.1111/jgs.14530
http://dx.doi.org/10.1007/s00776-009-1371-6
http://dx.doi.org/10.1016/j.apmr.2017.03.008
http://dx.doi.org/10.1007/BF03324942
http://dx.doi.org/10.3389/fnagi.2018.00228
http://dx.doi.org/10.1177/0898264314556987

Brain Sci. 2019, 9, 102 14 of 14

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Z-gambo, J.; Siulapwa, Y.; Michelo, C. Pattern of acute poisoning at two urban referral hospitals in Lusaka,
Zambia. BMC Emerg. Med. 2016, 16, 2. [CrossRef]

Liang, K.-Y.; Zeger, S.L. Longitudinal data analysis using generalized linear models. Biometrika 1986, 73,
13-22. [CrossRef]

Alan, E.; Hubbard, ].A.; Nancy, L.; Fleischer, M.V.; Laan, S.A.; Lippman, N.J.; Tim, B.; William, A. Satariano
To GEE or Not to GEE Comparing Population Average and Mixed Models for Estimating the Associations
Between Neighborhood Risk Factors and Health. Epidemiology 2010, 21, 4. [CrossRef]

Loprinzi, PD.; Crush, E. Sensory Impairment, Functional Balance and Physical Activity with All-Cause
Mortality. J. Phys. Act. Health 2016, 13, 980-987. [CrossRef]

Firth, E.; Addoh, O.; Mann, J.; Windham, B.W.; Loprinzi, P.D. Individual and Combined Associations of
Cognitive and Mobility Limitations on Mortality Risk in Older Adults. Mayo Clin. Proc. 2018, 92, 1494-1501.
[CrossRef]

Hung, C.-L,; Tseng, ].-W.; Chao, H.-H.; Hung, T.-M.; Wang, H.-S. Effect of Acute Exercise Mode on Serum
Brain-Derived Neurotrophic Factor (BDNF) and Task Switching Performance. J. Clin. Med. 2018, 7, 301.
[CrossRef]

Loprinzi, P.D.; Frith, E.; Edwards, M.K,; Sng, E.; Ashpole, N. The Effects of Exercise on Memory Function
Among Young to Middle-Aged Adults: Systematic Review and Recommendations for Future Research.
Am. ]. Health Promot. 2018, 32, 691-704. [CrossRef]

Douris, P; Douris, C.; Balder, N.; Lacasse, M.; Rand, A.; Tarapore, F; Zhuchkan, A.; Handrakis, J. Martial Art
Training and Cognitive Performance in Middle-Aged Adults. . Hum. Kinet. 2015, 47, 277-283. [CrossRef]
Moreau, D.; Morrison, A.B.; Conway, A.R. An ecological approach to cognitive enhancement: Complex
motor training. Acta Psychol. 2015, 157, 44-55. [CrossRef] [PubMed]

Winstein, C.J.; Grafton, S.T.; Pohl, P.S. Motor task difficulty and brain activity: investigation of goal-directed
reciprocal aiming using positron emission tomography. J. Neurophysiol. 1997, 77, 1581-1594. [CrossRef]
[PubMed]

Carey, J.R.; Bhatt, E.; Nagpal, A. Neuroplasticity promoted by task complexity. Exerc. Sport Sci. Rev. 2005, 33,
24-31. [CrossRef] [PubMed]

Loprinzi, P.D. Brief Walking Test and Cognitive Function among Congestive Heart Failure Patients: Effect
Modification by Duration of Congestive Heart Failure. Int. Cardiovasc. Forum J. 2016, 22, 346. [CrossRef]
Loprinzi, PD.; Herod, S.M.; Cardinal, B.].; Noakes, T.D. Physical activity and the brain: A review of this
dynamic, bi-directional relationship. Brain Res. 2013, 1539, 95-104. [CrossRef]

Herold, E; Wiegel, P.; Scholkmann, F.; Miiller, N.G. Applications of Functional Near-Infrared Spectroscopy
(fNIRS) Neuroimaging in Exercise-Cognition Science: A Systematic, Methodology-Focused Review. |. Clin.
Med. 2018, 7, 466. [CrossRef]

Herold, F; Wiegel, P.; Scholkmann, E; Thiers, A.; Hamacher, D.; Schega, L. Functional near-infrared
spectroscopy in movement science: A systematic review on cortical activity in postural and walking tasks.
Neurophotonics 2017, 4, 41403. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1186/s12873-016-0068-3
http://dx.doi.org/10.1093/biomet/73.1.13
http://dx.doi.org/10.1097/EDE.0b013e3181caeb90
http://dx.doi.org/10.1123/jpah.2015-0692
http://dx.doi.org/10.1016/j.mayocp.2017.06.019
http://dx.doi.org/10.3390/jcm7100301
http://dx.doi.org/10.1177/0890117117737409
http://dx.doi.org/10.1515/hukin-2015-0083
http://dx.doi.org/10.1016/j.actpsy.2015.02.007
http://www.ncbi.nlm.nih.gov/pubmed/25725192
http://dx.doi.org/10.1152/jn.1997.77.3.1581
http://www.ncbi.nlm.nih.gov/pubmed/9084621
http://dx.doi.org/10.1007/s00421-004-1268-1
http://www.ncbi.nlm.nih.gov/pubmed/15640717
http://dx.doi.org/10.17987/icfj.v6i0.193
http://dx.doi.org/10.1016/j.brainres.2013.10.004
http://dx.doi.org/10.3390/jcm7120466
http://dx.doi.org/10.1117/1.NPh.4.4.041403
http://www.ncbi.nlm.nih.gov/pubmed/28924563
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Participants 
	Intervention 
	Outcome Measures 
	Demographic Information 
	Cognitive Function 
	Balance 
	Functional Fitness of Lower Limbs 
	Aerobic Exercise Capacity 

	Statistical Analysis 

	Results 
	Cognitive Function 
	Balance Performance 
	Aerobic Exercise Capacity 

	Discussion 
	Conclusions 
	References

